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TITLE OF THE INVENTION 

FIBER ARRAY , AND WAVEGUIDE DEVICE 
BACKGROUND 0? THE INVENTION 

Fifelu of the Invention 

The present invention relate? to a fihft^ array r.o be. 
coupled for use to an optical element. Par Licularly , it relates 
to a fiber array, in which bare fibers, as unjacket, cf a 
ribbon-shaped optical fiber multi-core line are arrayed in the 
V-grooves of a V-shaped snhst rat.fi, and a waveguide device having 
the fiber array 3ealcd therein. 

nes.crlpr.icn of the Related AiL 

Ao a rccult that a higher density was demaaaeo because 
cf an increase in didiyea for coranunicat ions , there have been 
disclosed techniques on the finer arrays o± a normal pitch type, 
in whiuh d plurality of optical fibera are jointed and formed 
into a ribbon shape. -'nrther, th^re nave been alsc disclosed 
techniques on the fiber arrays of a half pitch type, in which 
two Hhhon-stapftrf optical fiber multi-core lines 1 and 2 of 

the normal pitch type arc laid crxe over the other, and in which 

un jacket bare fibers are alternately & xLd;iy=fu in the V— grooves 
of a V-shaped substrate thereby to realize tne high aensity. 

In Lhe^e Ltsuhniques , it could be said that a loss of optical 
signals is liaJo^e to increase in the ribbon- shaped npr i r.a 1 f i oer 



multi-core lines arrayed in tne V-grooves o± the fiber array, 
strictly at their outer ocrts. As the case may be, that the 
bar© fibers F osi — one ^ nn m:ter sides may be broken. For 
a fijLbL one of these causes, the pitch of the ribbon-shaped 
optical fiber multi-core lines is standardized to 250 Um, but 
-1c; enlarged tu abuul 100 am for the eicht cores of an £ core 
ribben cr to about 200 /um tor a 2(i-core ribbon b>y tne er-nrs 
at the jacket fcrrr.ing time The magnitude cf displacement or 
the pitch of the bare fibery, a* unjacket, from the pitch of 
the V-crooves is enlarged especially at the bare tibers housed 
■in the V-grnoves cn the outermost sides. Therefore, a hiqh 
bending force ie applied to the jacket portions and further 
to the V-grcJOv«-i . Aa a result, when the fibers are adhered 
and fixed in this state a? the f ihf=r ar-sy and are placed under 
a seriously changing temperature environment, the fibers are 
subjected at their hfinr. portions to a severe sLress Lheieby 
to cause an increase in the looo of the optical signals or to 
breaJc the fibers . 

Secondly, the pitch of the unjacket bare fibers is 
displaced with rpspp.r.r to the pitch of the V-grooves , so that 

eopcciallythcbarc fibers housed in the outermost sideV-grocves 

are largely displc^d . Therefore, in the assembling work to 
house the optical tibers m the V-croove? cf tne= f^b^r ar-*y, 
Lilt; bare fibers may be brouqht to abut against the endo of the 
V-grooves to cause tlav/s m the cmtp^ rr rr.urf erencefi of the 



optical fibers. Then, although no problem arises :usc atter 
-hP assembly, the V-groove end portions cause the increase in 
-he loss of the optical signals and the breaV.=inp. of the optical 
fibers dlLe: * long period of use. Especially in the case of 
the fiber array in whicn the p.itch of f.hp V-grcovas is as small 
a.s "71 um for the uiyh density, the V-qrooves are shallowed 
by the relation between the di ^Tner.pr and r.he pitch of uhe fibers 
to be counted and have a narrow opening . Therefore, the problem 
chat the bare fibers to be housed abuL ayainst the groove ends 
of the V-grooves is liable to become serious. 

Thirdly, in order to remove the lackets of the 
ribbon-shaped optical fioers, a dedicated apparatus -is i«s«ri 
to apply blades vertically to the i acker portions of the optical 
fibers to peal ott the jackets rrcm :he upper and 1 nwpr portions 
uf Lhw optical fibers. If the upper and lower blade edges of 
the apparatus are incl'npd although sfinuld be in parallel, ui 
if the unjacketing actions are made with the optical fiber being 
placed nor in parallp.l wlr.ln r.he upper and lower blade edyes, 
the blade edge may contact with one optical fiber on the outer 
side. As a rp.=;i;l% flaws ^n the outer circumference of the 

optical fiber- arc often canoed, and thue the unjack^tir.g s?-azrt 
portion causes Ihe ii^iddse in Ll'ie loss of the ootical signals 
and the breakage ot tne optical tiher . 

Fourthly, moreover, the fibers cn the outer cider; are 
the more twisted with rp^ppoh to ths* tor=?1on, as caused at Lhe 
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fiber array assembling time and fixed, in a direction 6z for 
an opt j r.p. " s -i n a Z-di rection, so chat "hey are always subject 
tc e high lead. Fifthly, the entire ribbon is liable to slide 
in the wlcrtwlse direction LhcL a sLiess is applied to the 
bare fibers positioned cn the outer sides _ These fourth ^nri 
fifth Louses die also liable to invite the increase in the loao 
of the optica^ signals and the breakage of thf 5 np-Mr.al fibers. 

In the case of the fiber array of the half pitch type, 
moreover, the bare tibers, which are alternately arranged in 
one row by laminating two ribbon-shaped multi-core 
ribbon-shaped optical fibers vertically, arp always subject 
Lu d ver Li call y bendinq force . This bending f orcc ia more liable 
to cause the increase in trip 1 nss rjf thp opri cal signals and 
the breakage of the optical fibers. 

SUMMARY CF THE INVENTION 

in the present invention according to a first aspec^, 
there i s provided a fiber array in which bare fiber 3 /as "un j ackat , 
o x a nhhnn-shfipfid optical fiber multi-core line are arrayed 
in V-groovcc of a V-shaped substrsto . In this fiber array r fibers 
for traii:5»iui L t-Ln^ .iu u^Llcdl a-L^nal Are disposed, oi- at lcact 
the outermost sides rf tip ^rr^y of sain hare *1bers r and also 
disposed ever at lcact "ho entire length cf the fiber array. 
TJ-R-Pfore, nc optical signal is trciisn.i L Led ^e al_ ledbt Lhe 
outermost side fibers of the ribben- shape o optical riber 
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multi-core line having the opticai titers arrayed in the 
V-grcoves . As a result, the outermost optical fibers absorb 
the bending stress or ~he like to bp. ^pp' i fid ro the remaining 
b*xe libers. Even if the bare fibers sr. the outermost sides 
are broken in rare cases by the bending fcrcp rr th*~ 11kR, nc 
optical biyjidl _Ls lzransrr.it ted. Consequently, the lesz in the 
signals is nor increased and thg bar? fifoer.3 on t^p innp.r q h de 
dit iioL broken. Thus, the fiber array is excellent in a long 
stability. 

Here, the phrase of "fibers for transmitting no optical 
signal" mp.ans the fibers which dc not transmit the optical 
siqnals between the two ends, and covers: the fibers which ars 
not connected wi~h ;= transmission source ox a receive! of the 
optical signals; the fibers which are connected but do not 
transiuiL llib oyLicdl signals from the transmission source and 
the fibers which arg connected and tr^nsiri t thp npri r.s 1 si gral s 
but which are shielded ;as will be called the "dummy fibers") . 
Moreover, the phr^.qp of "at least the outermost side" means 
the two optical fibers on the individual two sices, which are 
positioned on thp nnt^rmnst sides of the fiber arrays of the 

normal pitch typo and the half pitch. -hype, in which nvu^ripl^ 
libers die arrayed in one row. Moreover, these opticai fibers, 
i.e. f th<? bare fibers, i r.h =i^p. a^r^ypri m *hR mit.errosr. aides 
in the V qroove- of the V-ohapcd cubctrat a over at Icact the 
entire length of thp fihe^ p.rr^y =jrd wh i rJr. cic not transmit 
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optical signals, are constructed to include the tare fiber 
porr.ions and the rackets. Further, these optical fibers are 
all over at least "he entire length of the fiber array. Where 
the iuul,i-core lines are forty or more or where the V-croovs 
pitch is so small asmi nr.rP^Rp.r.'^bending force, 11 is preferred 
that the four optical f ibcro, ac positioned by two individually 
on tne outermost -wo sides of the liber cULid> of the multiple 
cores, are made to paoo no oigncl. 

Especially in fiber array of the half uiLuh Lype in which 
twe multi-core ribbon-shaped optical fibers are alternately 
] ami nnr ed i n the vertical direction into one row, the bare fibers , 
oc positioned on at least the outermost si Hps of the 
ribbuu-alicipttd optical fibers arranged on the upper layer, arc 
always subject to the vertical bend 4 ng 'orce. Therefore, Ihe 
increase in the less of the optical signals and the breakage 
cf the tiJser array can be prevent «d in advance by exemplifying 
those bare fibers by the dummy fibers for transmitting no optical 
signsi. in the case of the fiber array cf the half pitch type, 
on the ozher hand, it is preferred that -he fibers , as positioned 
on s t : Rflst thP. outermost sides, of the ribbon-shaped optica^ 

£ibcro of the upper and lower layers are exemplified by the 

dummy fibers. At Lhia Unit, LoUllyat least four optical fibers 
are the dummy fibers - 

In the present invention according to a ccccnc nspect, 
tnere rs provided ? v^vpgnirie rievtce r in whicn c fiber array 
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naving bare fibers, as unjac/ce-, ol a r ibbon-shaped optical 
fiber multi-core line arrayed in V-grooves cf a V-shapec 
substrate is optically connected to a wavpgirrie chip and is 
sealed in d package. In this device, fibers for t ran omit ting 
no optical signal are disposea on at least the outermost si rip* 
vL Ihe diidy of said bare fibers, and disposed frcm said fiber 
array tc at least the inner f^-e n* the parJcage fcr fixing the 
jackets. Even in the waveguide device in which the leading 
ends of the bare fibers but not Llie jduktsU* =ire fixed in the 
V-groovea of the fiber array and in which the jackets are tixec 
hy the package to fix the fiber multi-ccre line, no optical 
oignal is transmitted to at least the outermost side fibers. 
Thus, the uuUsjuucjsL optical fibers absorb the bending stress 
or the like to oe applied to the remaning ba^e fibers. 
Additionally, even if the bare fihero on the outermost sides 
are broJcen in rare cases by the sevp.re vibrations or the lite 
of the outside in which the waveguide device io placed, no optical 
signal has been transmit tec . Therp^rp, the loss of the signals 
is net increased and so that the fiber array is not broken. 
Consequently, the Hevi ce is excellent, in a long stability. 

Hcr^, the material fcr the dummy fibers is nob especially 

limited, il i I ~s exemplified by cjudrtz fcr other optical ribers 
or a material having a similar shock resistance. The rlir-imy 
fibers can absorb a shock even if they themselves are broken 
but so long as they do not come cut, thereby to recMre a c^rgpr 



r.hat the bencing force arrives to break the inner bare fibers. 

DRICT DESCRIPTION OF THE DRAWINGS 

a-igs. 1A, IE and 1C dre explanatory diagrams showing a 
ribbon-Ghapcd optical fiber multi-core line accord- ng to t.hp 
presort invention ; 

Figs. 2A, 2E and 2C are explanatory diagrams showing a 

fiber aiidy; 

Fig. 3 is an explanatory diagram showing a waveguide 
device; and 

Figs. 4A anH 4R *rp. explanatory diagrams showing a 
definition of a core pooition of the fiber array wirh respect 
to a wB.VQgv.iL6e r.nip. 

Uhl.SCKJt HT I'OK OF THE PREFERRED EMBODIMENT 

An embodiment of the present invention wil± be described 
in derail with reference to the auuumpaiiying drawings. 

Figc . 1A to 1C show a ribbon-shaped optical tiber 
Tnr'r-cors line for manufacturing a fiber array of the half 
pitch type . Ac chown in Fig . 1A, there are prepared two 12-core 
ribbcn-slnaped optical libers 1 <aau 2, which are laid one over 
the ocher. As shown in tig, .1H, is ^nd 2a are then 

rercoved to form a 24-corc ribbon-shaped fiber, in which ths 
upper and lewer bare fibers di_^ =a1 lernately arrayed in one row 
in the V-qrocves ot a V-shaped substrate, The** ?.4-cnre 



ribbon-shaped fibers are prepared by twc to form a fiber array 
as a. 46-core ribbon-shaped fiber, as shown in Figs. 2A zo 2C. 
In the multi-core line, at least rhpharp *i bars on the outermost 
side ia Ll.« diray direction and the continuous jacketed fibers 
are then used as auirony titers 3 *nri 3 for r. ran sir.it tiny no up-~udl 
yiyxicil . Here, in Fiq. ID, rhe aymbolc "x" appearing in tha shown 
fiber cores are designer Ions for discrimiiidLiiig rhe 
Libbon-ahaped opcical fibsro 1 and 2 and net designations tor 
the transmission direction. 

Moreover, tha dummy fibers 3 and 3 are the bare fibers 
and the ribbon fiber portion which has the fiber array of the 
entire length in the fiber longitudinal direction at least 
between P.nd edges 3b and 3u ul Lhe fiber array and which is 
clampedby a jacket housing plate. As shown in J?'.i g- l w however, 
1r. is needless Lu tidy that the dumrr.y fibers 3 and 3 may include 
the ribbon fiber portion continuing re the outside rsf The. f J ber 
array. 

Of Figs - 2A tc 2C presenting three side vi rws of r.te fiber 
array accordinq to the present invention: Fig. 2A is a front 
elevation; Fig. i^a side elevation; and Fig. 2C is a top 

plan view. Here, tha multi-core lino having forty eight onr^s 
is shewn to hdve d reduced number cf cores, because ito width 
is too l-rcs. 

The two ribbon-shaped optical fibers 1 and 2 arc bare 
at their wading enr* r arrt r.te hare fibers 11 and 21 are IllLed 



i n the V-grooves o± ^ V-Grooved substrate 4 and are adhered 
and fixed downward by a holding plate 5 . Moreover, the jackets 
cf the Hhhnr -shaped, optical fibers 1 and 2 are adhered and 
fixed in the V -shaped oubstrato 4 by a jacket housing plate 
«'uririermore f rhp. hare fibers "1 and 21, as located a L the 
Position of a relaxation portion 7a between the V-shaped 
substrate & arri the jacket nousing plate 6, are covered with 
an adhesive 7 . 

Of these component, the dummy fibers 3 and 3 on the 
outermost sides of the bare tibers 11 and 21 contact at their 
portions, as enclosed by an ellipse 3 # with the end edqes of 
the V-grocvss. Thus, they are subject to the displacements of 
liit: pitches of the iscket portions as a stress from the outer 
sice, therefore, no s~rp.ss is applied r.o the hare fibers on 
the inner aide for trenccr.it ting optical signals. Even if the 
rtnrnmy fibers 3 should be broken by a high stress, mereuver, 
the whole ctrcsc ie not appliedto the fibers located just msxda 
of the broken dummy fibers dad next ^he outer side, because 
the bare portions are covered and fixed by the adhesive 7. As 
a result, the stress is dispersed by the adhesive into small 

onee so that a possibility of causing a problom is drastically 

lowered . 

wi g. ^ v ? ^qi,ippi pvar.i on cf ? wavegul de rievl ce according 
to the procent invention. 

A waveguide device 20 is prepared by connecting a I_ber 

ID 
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array 8 optically wrth a waveguide chip y ana by sealing the 
connected ones in a packaqe 10 . In the fiber array 6 , -he leading 
ends of the un jacket bare fiber? 1 1 of tte. H "nhnn-ahapsd optical 
libe^ mulli-core line 1 are errayed in the V-groovcs of the 
V-shaped substrate a . The package Tnfi f rfiq-.ienr.l y formed into 
d box shape having a cover on its upper face, but ite sealing 
means is not limited- 

This fiber array 0, in which the leading ends of the 
un jacket bare titers 11 of the ribbon-shaped optical fiber 
multi-cere line 1 are arrayed in the V-grooves of the V-shaped 
substrai-p 4, does nor use the jacket housing plate 6 for adhering 
and fixing the jackets, unlike the shape shown in Figs. 2A to 
2C IuyLedJ, Lhe jacket of the ribbon- shaped optical fiber 
multi-ccre line 1 is fixed by mumping 1 r. between r.he bcx and 
the cover of the packaqe , for example. 

These dummy tibers rn be nqed be at. 1 easr. as r.he 

outermost ones of the array cf the unjackct bare fibers 11 of 
tne ribbon-shaped opt^ *ibftr riilri-core line 1. and can have 
a lenqth equal to the fibers used as the inner signal lines. 
HovpvRr < i n order to exhi bit r.he sf f ects of the present invention, 

the waveguide device KaO to bo provided with the dummy fibers 

frcm the fiber array 8 Lu dL le^^L .he inner face ICa of the 
package for fixing tne ; ackers. Even m the waveguide device 
in which the leading ends cf the bare fibero but not the jackcto 
are fixed in rne v-gmnvp.s r.he fiber array and in which the 
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jackets are fixed by the package to fix the fiber rr.ulti-ccre 
line, tberP r or?., no optical signal is transmitted to at least 
the outermost side fibers. Thus, the outermost optical fibers 
ahsorb the bending aLrass ui the like to be applied to the 
remaining bare fibers. Additionally, even it the bare fibers 
on the ou termor L sxdes are broken in rare cases by the severe 
vibrations or the liJce ot the our side is plar.P.ri, ro optical 
signal has been transmitted. Therefore, the loco in the signals 
is not increased and so that the fiber array id xiuL biukeu. 
Thus the fiber array is excellent in a long stability. 

Moreover, wh«n the fiber array is to be coupled to the 
waveguide chip, thio coupling work has been conventionally don© 
*o as r.o avoid the deterioration ul Lhe optical signals. That 
io to cay, the coupling work has been done with confirming the 
position dL which the quantity of lioht to transmit through 
the cores, at the individual end edges or the fiber array and 
the waveguide uhip, t^k^s 1 1 ia a i* li llyi . For a first port 61, a final 
port 69 and the 49-coxe ribbon fibers shown in Fig. 4A, tor 
example, the ideal positions of the second to forty seventh 
cores are calculated with reference to the first cor? and the 
Iujl^y siwjliLi core, so that the cr-cr distance io adjuotcd to 
ormg the? arrual mpasn^ed positions r.o the ideal positions. 
However, in the present invention shown in Fig. 3, m the case 
where the 40oh device is exemplified by totally 46-coi^ ribbun 
fibers having four dummy fibers on the two sides and totally 
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eight dummy fibers, the positional adjustment is not requirec 
since the 1st to 4th cores and the 45th to 48th cores are durrmy 
fibQrs. On the ot'npr h*nd, the ideal positions for the sixth 
core to the forty third cere have to be calculated with reference 
to their inner f i frh *nri forty fourth cores, and Lhe adj as luteal 
has to be made to attain the ideal positions. Ac a test of 
the tiber array, the riber pos.i t i arp. mP.asnrftrl th reference 
Lu Lhe fifth core and the forty fourth cere. In short, ao ohown 
in Fig. 4B, the necessary operations are only tc measure the 
fiber positions with reference to a first port 71 and a final 
per- 7q, a* Incited on the twe ends of -he signal fibers having 
the dummy f ibero cn the two sides, thereby to raise rbe working 
pffi r.i ft^ny . 
[Example] 

The 48-uurt: libei diidy, as shown in Figs. to 1C by 

omitting -he central portion, was subjected to an endurance 
LesL according to the bell core standards. This test was 
conductec tor one ribbon f:ber having four riiiTTmiy f J h^rs r 1 . * . , 
two fibers on the two outer sices, at a temperature condition 
cf -40 °C to 85 °C and for one trial of 1, 000 cycles. 

The result is Chat r.o trouble occurred up to the 

Intermediate 500 cycles, al lhe Limt ul L3C0 cycles, only 
the dummy tibers at tne outermost positions were nrnVP.n. in 
the ;rensrris3ion c£ the optical aignala, there arcsc none cf 
ttR -ronnle.s such as the increase in the loss of lhe oy.-cal 
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signals or the breakaqe dt the fiber array. 

In the present invention according tc rhe first aspect, 
as has been described hereinbefore, -hers is provided a fiber 
array in which barp fibers, as uirjaokeL, oL a ribbon-shaoed 
optical fiber nvulti core line are arrayed in V-grcoves of a 
V-ghapad subsc-fl-p- numrr.y fibers axe disused on at least the 
outermost sidea of the array of said bare fibers, and disposed 
over at least the entire leayLli uf the fiber array. Therefore, 
nc optical signal is transmitted to at least the outermost side 
fibers nf the ri bbon-shapedopt ical fiber multi-core line having 
the optical fibers arrayed in the V-grooves. As a result, the 
outermost optical libers absorb -he bending strcoo or the like 
to be applied to tne remaining bsr P r-hers. Even if U«s bdie 
fibers cn the outermost sidco ore broken in rare cases by tne 
bending forrsn or T.he like, no uplical signal is trar.smi-ted 
so that its loss is not increased. Consequently, tne bare fibers 
on the inner side are not broken, and thus Ihe dev_ce is excellent 
in a long stability. 

~n the present invention according tc the second aspect, 
moreover, there is provided a waveguide device, in whi r.h * fi her 
array Having uncladbare fibers of a ribbon shaped optical fiber 
rr.ulti-core line arrayed in v-grnoves n J a V-shaped substrate 
is optimally connected -o a waveguide chip ^nd is sealed in 
a package. uurutiy fihfi-s frr transmitting nc optical signal 
are disposed on at least the outermost sides of the array or 
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said bare fibers , and disposed from said fiber array to at least 
the inner face nf tie package for fixing che jackets. Even 
in zhz waveguide device in which the leading ends of the h*-p 
fiber? h-it nor. r.he jauke-a di« I-xed in :he V-crrocves of the 
fiber array and in which :ho jackets are rixed by the package 
to f-x the fibpr m;i 1 f.1 -core line, nu optical sicna_ is 
transmitted to at leaot the ou.cnr.oet side fibers. As a result, 
the outermost optical fibers absorb Lhe bending stress or the 
like zo be applied to the remaining bare libers. Moreover, 
evpn if the bare fibers on the outermost sides are broken in 
rare cases by the severe vibrations or the like of the outside 
in which the wdveyuide device is placed, nc optical cignnl is 
transmitted. As a result, the loss in rhe signals is not 
increased and so thar ^he bare fibers arc not broken. Thus, 
the cevi r.p Is excellent in a ioay sldbility. 



